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ABSTRACT • The article deals with the influence of irregular tooth pitch on energy consumption of cross-cutting 
wood. In this article, the effect was assessed of feeding velocity and parameters of saw blade on the cutting power 
Pc of spruce (Picea Abies), pine (Pinus Sylvestris) and beech (Fagus Silvatica) wood during sawing with a guided 
circular saw. For the research, two types of circular saw blades were used, one of them having irregular tooth 
pitch. The circular saw blades had sintered carbide inserts with a diameter of D = 350 mm and the same number 
of teeth. The feed velocities were vf = 4, 8,12 m·min-1 and revolutions n = 3000 min-1. The results showed that the 
cir cular saw blades with irregular tooth pitch have higher energy consumption than the circular saw blades with 
regular tooth pitch. The highest cutting power Pc was shown in the case of beech. It was also shown that energy 
consumption is increasing linearly with increasing feed velocity.
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SAŽETAK • U radu se prikazuje istraživanje utjecaja promjenjivog koraka zubi kružnih pila na potrošnju energi-
je pri poprečnom rezanju drva. Analiziran je utjecaj posmične brzine, parametara lista pile i vrste drva na snagu 
rezanja (Pc). Eksperiment je proveden piljenjem drva smreke (Picea abies), bora (Pinus sylvestris) i bukve (Fagus 
silvatica) vođenom kružnom pilom. Za istraživanje su rabljena dva lista kružnih pila, od kojih je jedan imao pro-
mjenjivi korak zubi. Oba su lista kružnih pila imala oštrice od sinteriranih karbidnih umetaka, promjer lista D = 
350 mm i jednak broj zubi. Primijenjene su tri posmične brzine: 4, 8 i 12 m·min-1, a broj okretaja radnog vratila 
iznosio je n = 3000 min-1. Rezultati su pokazali da je potrošnja energije kružnih pila s promjenjivim korakom zubi 
veća od potrošnje energije kružnih pila s jednakim korakom zubi. Najveća snaga rezanja Pc zabilježena je pri pi-
ljenju bukve. Uočeno je da se potrošnja energije linearno povećava s povećanjem posmične brzine.
Ključne riječi: energetska potrošnja; poprečno piljenje drva; listovi kružne pile; snaga rezanja; promjenjivi korak zubi
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1  INTRODUCTION
1.  UVOD
In practice, in the wood cutting process, it is im-
portant to keep energy consumption at the lowest pos-
sible level. Impacts affecting energy consumption are 
e.g. cutting conditions (feed per tooth fz, cutting speed 
vc, feed velocity vf), the choice of material suitable for 
a cutting tool and geometry of a tool. The cutting pow-
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er is one of the most important factors affecting energy 
consumption (Atkins, 2009; Barcík et al. 2009; Danwé 
et al., 2012).
For the quality of a processed surface, efficiency 
of machines and tools, and dimensions of a product, it 
is necessary to provide proper cutting conditions and 
cutting angles (Argay, 2014; Banski, 2000; Manžos, 
1974). Inappropriate cutting angles can result in bad 
quality of a processed surface, higher possibility of 
tool wear, lower lifetime of a tool and finally question-
able reliability of the whole machine (Goglia, 1994; 
Mikleš et al., 2010; Kminiak et al. 2015; Kvietková et 
al., 2015; Lisičan, 1982).
1.1  Cross-cutting wood by circular saws
1.1.  Poprečno rezanje drva kružnom pilom 
Cutting wood by circular saw blades is a complex 
process. For getting ideal operating conditions, it is im-
portant to know mutual interaction among a tool, a 
product and influence of technical and technological 
factors affecting the cutting power and final quality of 
the product. It is possible to obtain the required quality 
by setting these factors and parameters. Cutting quality 
is affected by tool wear. 
Circular saw blade cutting is the most widely 
spread way of wood sawing. Owing to different design 
and construction of circular saw blades, it is possible to 
cut in different ways with respect to the wood fibers 
(Kminiak et al., 2016; Strelkov, 2009; Naylor et al., 
2012).
Using three basic criteria, we can evaluate the 
impacts on wood cutting and processing, i.e. a ma-
chine, a tool and a processed object. The criteria are 
defined in Tab. 1 (Mikleš et al., 2010).
The kinetic equations for cross-cutting are analo-
gous to rip cutting. A cutting speed of 40 - 75 m·sec-1 is 
recommended; if the saw blade temperature drops along 
its radius, it does not reach its maximum at this speed, in 
the case of 0 °C (cross-cutting itself in the working cycle 
is less than 10 %); this means that an increase in tem-
perature in the saw blade is not considered. The selec-
tion of a cutting speed also considers the working limits 
of the saw blade shaft bearings, as well as the noise lev-
el, the wear of the cutting edges (vc < 60 m·sec-1) and 
energy consumed by cutting (vc = 60 - 80 m·sec-1).
Cutting power is an important parameter and it is 
interesting for every wood processor using machines 
with respect to energy consumption of the machine 
Figure 1 Kinematic scheme of a circular saw blade: fz – feed per tooth for regular tooth pitch circular saw blades; fz1,2 – feed 
per tooth for irregular tooth pitch of circular saw blades; t – tooth spacing for regular tooth pitch circular saw blades; t1 
– tooth spacing for irregular tooth pitch of circular saw blades; hz – height of a tooth; vc – cutting speed; vf – feed velocity; α 
– clearance angle; β – cutting edge angle; γ – rake angel; (Siklienka et al., 2013)
Slika 1. Kinematička shema lista kružne pile: fz – posmak po zubu za list kružne pile s jednakim korakom zubi; fz1,2 – posmak 
po zubu za list kružne pile s promjenjivim korakom zubi; t – duljina koraka zubi lista kružne pile s jednakim korakom zubi;  
t1 – duljina koraka zubi lista kružne pile s promjenjivim korakom zubi; hz – visina zubi; vc – brzina rezanja; vf – posmična 








Table 1 Criteria affecting cutting process (Mikleš et al. 2010)
Tablica 1. Kriteriji koji utječu na proces rezanja (Mikleš i sur., 2010.)
Criteria
Kriteriji Product / Proizvod Machine / Stroj Tool / Alat
External
vanjski
chip shape, cutting depth, cutting quality
oblik strugotine, visina rezanja, kvaliteta 
rezanja 
feed velocity, cutting forces, material, cutting 
speed, vibrations, lifetime, cutting power
posmična brzina, sile rezanja, materijal, brzina 
rezanja, vibracije, vijek trajanja, snaga rezanja






wood species, wood strength, direction of 
fiber cutting, wood moisture, wood density
vrsta drva, čvrstoća drva, smjer rezanja s 
obzirom na smjer vlakanaca, sadržaj 
vode, gustoća drva 
material properties, type of material





...Krilek, Ťavodová, Kováč, Tichý: Impact of Irregular Tooth Pitch of Circular Saw Blades...
DRVNA INDUSTRIJA  71 (1) 3-11 (2020) 5
used (Mikleš et al., 2010; Scholz et al., 2009). The goal 
of wood processors should be to achieve the required 
quality and product parameters at the lowest possible 
production costs (Kopecký et al., 2007; Siklienka et 
al., 2012; Siklienka et al., 2005). It is possible to de-
crease wood cutting costs and increase cutting power 
and cutting accuracy by a suitable tool, its geometry 
and cutting conditions (Wasielewski et al., 1999; 
Barcík et al., 2008).
Decreasing energy consumption of a machine 
has a significant impact on the whole value of the final 
product (Bradbury et al., 2000; Schajer et al., 2002). 
Power requirements and performance of the machine 
are defined according to STN ISO 3002-4. Wood is 
anisotropic material and its properties vary in different 
parts of the trunk, and that is the reason why it is diffi-
cult to define K (Vladimirovič, 2004; Suchanov, 2015).
Nowadays, the specific cutting resistance kc is de-
fined according to empirical formulas obtained by long 
time wood research and experiments. Many parameters 
are used such as wood species Kd, cutting model Kφ, cut-
ting angle Kδ, cutting speed Kv, wood moisture Kw, tool 
wear Kρ and thickness of chips h (Kopecký et al., 2014; 
Kováč et al., 2009; Orlowski et al., 2006; Svoreň, 2002).
2  MATERIALS AND METHODS
2.  MATERIJALI I METODE
2.1  Tested samples
2.1.  Ispitni uzorci
The measurement was carried out by using spruce 
(Picea Abies), pine (Pinus Sylvestris) and beech (Fa-
gus Silvatica). The dimensions of tested samples were 
50 mm × 200 mm × 1000 mm. These dimensions were 
chosen on the basis of technical parameters of the 
measuring equipment. 
The moisture of tested samples was defined by 
gravimetric analysis in accordance with SS-EN- 
13183-1. This method belongs to direct methods defin-
ing wood moisture. The principle of this method is 
based on the definition of the wet wood weight fol-
lowed by drying and repeated weighing (Požgaj et al., 
1997; Orlowski, 2007). The mean value of moisture of 
wooden samples was 27 %.
2.2  Circular saw blades
2.2.  Listovi kružnih pila
For experimental tests, two circular saw blades 
were used i.e. circular saw blades with sintered carbide 
inserts. 
The circular saw blades have the same number of 
teeth and tooth geometry. The first circular saw blade 
has regular tooth pitch and a full body (Fig. 2). The 
second circular saw blade has irregular tooth pitch and 
its body has dilatation gaps for decreasing stress and 
vibrations in the process of cutting wood (Fig. 3). It is 
also possible to see in details different shape of teeth 
(Fig. 3 and 4). Parameters of the circular saw blades are 
shown in Tab. 2.
The wood cross-cutting process was performed 
in the testing device shown in Figure 5. This equipment 
is used for testing wood cutting conditions. It was de-
signed at the Technical University in Zvolen (Slova-
kia), the Faculty of Environmental and Manufacturing 
Technology, Department of Environmental and Forest 
Machinery. The equipment consists of two main parts 
i.e. feed and cutting parts (Fig. 5). 
The transfer of torque on the tested circular saw 
blade is ensured by the cutting mechanism. Keeping 
and feeding of the processed material to the place of 
cutting is ensured by the feed mechanism. 
The working desk (Fig. 5) consists of a three-
phase asynchronous electric motor of 7.5 kW. The 
torque is transferred by the belt from the safety clutch 
GIFLEX GFLL – 28, through the input clutch of a 
torque sensor, torque sensor HBM T20WN (Fig. 5), 
Figure 2 Circular saw blade 1 with regular tooth pitch and 
full body
Slika 2. List kružne pile 1 s jednakim korakom zubi i punim 
tijelom
Figure 3 Circular saw blade 2 with irregular tooth pitch and body with dilatation gaps (Svoreň et al., 2013)
Slika 3. List kružne pile 2 s promjenjivim korakom zubi i tijelom s dilatacijskim pukotinama (Svoreň i sur., 2013.)
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output clutch of a torque sensor, and shaft, to the circu-
lar saw blade. 
The processed material is caught in the feed part 
by the lever mechanism, which provides an adequate 
holding. The feed of the processed object is provided 
by an electric motor of 5.5 kW, a safety clutch GIFLEX 
GFLL – 28 and feed spring. 
The signal from the torque sensor is transferred 
by the cables to the recording device called SPIDER – 
8, which is connected to the PC. Using a torque sensor 
HBM T20WN, it is possible to record circular saw 
blade revolutions. Performance and revolutions of 
electric motors can be regulated by frequency changer 
with vector controlling (Mikleš et al., 2010). 
2.3  Measuring equipment
2.3.  Mjerna oprema
The measurement was performed by the follow-
ing equipment (Fig. 6):
- Measuring equipment - SPIDER – 8 
- Torque and revolution sensor - HBM T20WN
- Computer with analytic software
Measurement of revolutions and torque of a cir-
cular saw blade was performed by the sensor HBM 
T20WN (Fig. 6). The sensor is self-powered with volt-
Figure 4 Detail of tooth of circular saw blade 2
Slika 4. Detalj zubi lista kružne pile 2
Table 2 Parameters of circular saw blades















Extension of the cutting 


















promjenjiv 0.8 36β 65
γ 10
Figure 5 Measuring equipment for cross-cutting wood
Slika 5. Stroj za eksperimentalno poprečno rezanje drva
Figure 6 Measuring scheme: 1 – Measuring equipment, 2 – Torque and revolution sensor HBM T20WN, 3 – Measuring 
equipment SPIDER-8, 4 – PC with analytical software and a recording device
Slika 6. Mjerna shema: 1 – mjerna oprema, 2 – senzor zakretnog momenta i okretaja HBM T20WN, 3 – mjerna oprema 
SPIDER-8, 4 – PC s analitičkim softverom i uređajem za snimanje
1 2 3 4
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age of 12 V. It has two output signals. It is a tensomet-
ric sensor of torque, revolutions and rotation angle. 
The sensor measures the nominal torque of up to 20 
N·m, but it is possible to load it up to 108 N·m. It is 
protected by flexible clutches, which provide protec-
tion of a sensor against the deviations and vibrations 
caused by shaft defects. They also prevent it to transfer 
torque over 60 N·m. (www.hbm.com).
The data from a sensor are sent to the measuring 
equipment SPIDER – 8 (Fig. 6). It is a universal meas-
uring control panel (A/D transmitter), with eight chan-




The goal of the measurement was to search and 
evaluate energy consumption in the wood cross-cutting 
process. The measured data of cutting power were ana-
lyzed by analytic software STATISICA 12. 
The observed factors and results are shown in Tab. 
3. The observed factors were: wood species (spruce, 
pine, beech) with sample dimensions 50 mm x 200 mm 
x 1000 mm, two types of circular saw blades and three 
feed velocities (vf = 4, 8, 12 m·min-1). The test was car-
ried out at nominal revolutions n = 3000 min-1.
First, one-way analysis was performed, where 
one-dimensional effects were observed. The effect of 
factors was confirmed in all effects except for wood 
species where p = 0.247. This means that wood species 
is not a significant factor. From the statistical point of 
view, it can be said that the effect of tooth pitch on the 
power output Pc has a 75 % probability.
Table 4 shows the results of ANOVA for all feed 
velocities, circular saw blades and wood species. All 
these factors were statistically very significant. The 
level of significance p must be lower than 0.05 to ob-
Table 3 Mean values of cutting power Pc for circular saw blade 1 and 2
Tablica 3. Prosječne vrijednosti snage rezanja Pc kružnih pila 1 i 2
Cutting power pc, kW
Snaga rezanja Pc, kW
Cutting power pc, kW
Snaga rezanja Pc, kW
Cutting power pc, kW
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tain the results that are statistically significant and val-
id. The highest interaction with the cutting process was 
caused by feed velocity vf, followed by the type of cir-
cular saw blade and wood species. 
Circular saw blade 1 has regular tooth pitch and a 
full body. Circular saw blade 2 has the same geometry 
of tooth made of sintered carbide inserts but it has a 
different shape of tooth, irregular tooth pitch and dila-
tation gaps. 
Figure 7 it is clear that circular saw blade 2 with the 
same geometry of angles α, β, γ as circular saw blade 1 but 
different tooth spacing and dilatation gaps has higher en-
ergy consumption than circular saw blade 1. From the 
statistical point of view, the interaction of circular saw 
blade 2 is higher that the interaction of circular saw blade 
1. It is supported by the level of significance p<0.0001 
thereby there was confirmed influence of tooth spacing on 
energy consumption of cross-cutting wood.
Figure 8 shows the dependence between feed ve-
locity (vf = 4, 8,12 m∙min-1) and cutting power. The cut-
ting power increases with increasing feed velocity. The 
curve is significantly linear. The course of cutting pow-
er is increasing in the whole range of chosen feed ve-
locities. 
1 2





























Figure 7 Impact of circular saw blade type on cutting power 
in sawing researched wood species
Slika 7. Utjecaj vrste kružne pile na snagu rezanja tijekom 
piljenja ispitivanih vrsta drva
4 8 12
































Figure 8 Impact of feed velocity on cutting power during 
sawing researched wood species
Slika 8. Utjecaj posmične brzine na snagu rezanja tijekom 
piljenja ispitivanih vrsta drva
The influence of wood species in the process of 
cross-cutting wood, i.e. cutting power, is shown in Fig-

































Figure 9 Impact of wood species (spruce, pine, beech) on 
cutting power for all feed velocities 
Slika 9. Utjecaj vrste drva (smrekovina, borovina, buko-
vina) na snagu rezanja pri različitim posmičnim brzinama 
Table 4 Basic analysis of variance of measurement results
Tablica 4. Osnovna analiza varijance mjerenjem dobivenih podataka


















Circular saw blade / list kružne pile 1.11 1 1.11 84 <0.0001
Feed velocity / posmična brzina, m·min-1 30.13 2 15.06 1135 <0.0001
Wood species / vrsta drva 1.08 2 0.54 41 <0.0001
Circular saw blade * Feed velocity (m·min-1)
list kružne pile * posmična brzina (m·min-1) 0.09 2 0.05 4 0.033
Circular saw blade * Wood species
list kružne pile * vrsta drva 0.17 2 0.08 6 0.003
Feed velocity vf (m·min-1)* Wood species
posmična brzina (m·min-1) * vrsta drva 0.24 4 0.06 4 0.003
Circular saw blade*Feed velocity (m·min1)*Wood species
list kružne pile * posmična brzina (m·min-1)* vrsta drva 0.28 4 0.07 5 0.001
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pine and beech. Beech consumed most energy. The 
lowest cutting power Pc was shown in the case of 
spruce.
Figure 10 shows a graph of 95 % confidence of 
factors affecting wood cross-cutting process i.e. spruce, 
pine, beech, feed velocity (vf = 4, 8,12 m∙min-1) and 
type of circular saw blade 1 and 2.
The graph (Fig. 10) clearly shows that circular 
saw blade 1 with regular tooth pitch and a full body is 
better for wood cross-cutting process for the chosen 
factors. Similar values of cutting power to those of cir-
cular saw blade 2 with irregular tooth pitch and dilata-
tion gaps were obtained in cutting pine and at the feed 
velocity vf = 4 m∙min-1. There were also less significant 
differences in cutting beech and at the feed velocity vf 
= 8, 12 m∙min-1. The levels of cutting power in cutting 
beech were the highest for all cutting speeds. From the 
graph in Figure 10, it is clear that the cutting power 
increases with increasing feed velocity.
Nearly the same results were obtained for spruce 
and beech and at the feed velocity vf = 4 m∙min-1. This 
fact can also be observed at the feed velocity vf = 12 
m∙min-1. More significant difference was observed at 
the feed velocity vf = 8 m∙min-1.
Circular saw blade 1 had the lowest difference in 
cutting power for all wood species at the feed velocity 
vf = 4 m∙min-1. Circular saw blade 2 had this feature at 
a higher feed velocity vf = 12 m∙min-1.
There was almost no difference between circular 
saw blades during beech cutting. The difference be-
tween circular saw blades for spruce and pine cutting 
was nearly the same.
The measurement showed that circular saw blade 
1 had better first contact with processed material. Cir-
cular saw blade 2 had higher vibrations, bigger cutting 
area and cutting power. 
Circular saw blade 1 is more suitable for the 
wood cross-cutting process than circular saw blade 2. 
Circular saw blade 2 should be used for longitudinal 
wood cutting, where longer time of cutting is neces-
sary, providing enough time for the stabilization of a 
circular saw blade, which is important for reducing the 




In this study, the effect was assessed of feed ve-
locity, saw blade and wood species on the cutting pow-
er Pc of spruce (Picea abies), pine (Pinus sylvestris) 
and beech (Fagus silvatica) wood during sawing with 
a guided circular saw. The aim of the measurement was 
to search and evaluate energy consumption in the wood 
cross-cutting process. The measured data of cutting 
power were analyzed by analytic software STATISICA 
12. The cutting power increases with increasing feed 
velocity. The curve is significantly linear. Average chip 
thickness is a critical factor in the sawing process as it 











































Figure 10 Impact of wood species (spruce, pine, beech), feed velocities (vf = 4, 8, 12 m∙min-1) and type of circular saw blade 
(type 1 and 2) on wood cross-cutting process
Slika 10. Utjecaj vrste drva (smrekovine, borovine, bukovine), posmične brzine (vf = 4, 8, 12 m∙min-1) i vrste kružne pile (tip 
1 i 2) na postupak poprečnog rezanja drva
Krilek, Ťavodová, Kováč, Tichý: Impact of Irregular Tooth Pitch of Circular Saw Blades...  ...
10  DRVNA INDUSTRIJA  71 (1) 3-11 (2020)
This is in accordance with what is reported in the lit-
erature (Axelsson et al., 1993; Vazquez- Cooz et al., 
2006; Aguilera, 2011; Cristóvão et al., 2012). The re-
sult confirms previous cross-cutting wood tests of en-
ergy consumption (Koljozov et al., 2015; Kopecký et 
al., 2014; Krilek et al., 2014; Orlowski et al., 2006; 
Kminiak, 2007; Orlicz, 1988). The course of cutting 
power is increasing in the whole range of chosen feed 
velocities. The highest energy consumption was meas-
ured for beech. To sum up, the specific cutting resist-
ance decreases with the increasing chip thickness (Ko-
pecký et al., 2014). The formula for the calculation of 
the cutting power Pc = Kc·b·e·vf and Figure 2 confirm 
this assertion. This phenomenon is known from metal 
machining, and it was also noticed in wood cutting 
with circular saw blades (Manžos, 1974; Orlowski, 
2010; Orlowski et al., 2013; Kopeck et al., 2014) and 
in wood milling (Durkovic et al., 2018). The lowest 
cutting power Pc was observed in the case of spruce. 
The result confirms previous cross-cutting wood tests 
of energy consumption (Krilek et al., 2014; Kminiak, 
2007; Kopecký et al., 2014).
5  CONCLUSIONS
5.  ZAKLJUČAK
1. The highest cutting power is required for de-
ciduous wood – beech, at all feed velocities (vf = 4, 8, 
12 m∙min-1) and circular saw blades used in the re-
search.
2. With increasing feed velocity, energy con-
sumption of the cutting process also increases. Feed 
velocity has the highest influence on the wood cross-
cutting process and cutting power Pc. 
3. Circular saw blade 1 with regular tooth pitch 
had lower energy consumption in the wood cross-cut-
ting process than circular saw blade 2 with irregular 
tooth pitch for all tested wood species (spruce, pine, 
beech) and feed velocities (vf = 4, 8, 12 m∙min-1). 
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